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Abstract 

We show that the rising total photoproduction cross section recently ob- 
served at HERA is entirely consistant with the impact-picture in the theory 
of expanding protons which was proposed more than twenty years ago. More 
accurate data, which is expected to be forthcoming soon, will give this pre- 
diction a stringent test. 
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Recently at HERA, the HI and ZEUS detectors have measured the photo- 
production total cross section at an average 7p center of mass energy of 
180 GeV™. They confirm the previous and less accurate result of ZEUS^ 
and indicate that this total cross section is rising. This rise has caused a lot 
of excitement and vastly different rates of increase have been proposed^ 4-9 ' 
which are based either on minijet contributions or on Regge - type analyses. 

In this letter we will present a very simple approach to this increasing jp 
total cross section. Increases of hadron-hadron total cross sections have been 
theoreticaly predicted some years ago' 10 ' 11 ' 12 ] and these predictions have been 
accurately verified by experiment I 13 '. The theoretical predictions were based 
on the multi-tower diagrams shown in fig. la for pp and pp and fig. lb for n ± p 
elastic scattering. The multi-tower diagrams for yp are shown in fig.lc. The 
similarity of the diagrams in fig. lb and fig.lc implies that the •yp total cross 
section can be related approximately to those of ir^p. The major differences 
between these two figures are 

i) The electromagnetic coupling e appears twice in fig.lc. 

ii) The photon is its own antiparticle. 

Because of those two differences it is natural to expect 

ff tot(7P) = (const. )a ((r tot (n + p) + <r tot (7r"p)) (1) 

where a is the fine structure constant. This eq.(l) should hold for all center 
of mass energies above about lOGeV. The constant is to be determined from 
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the low energy jp total cross section data' 14 l Note that the contribution from 
p-exchange is cancelled in the sum, as it should be. For cr^oti^P) we have 
used the early impact picture predictions' 1 ^ where a simple s dependence s 08 
was first given and later extensively used by various authors. Using these 
results it is found that the constant in eq.(|]) is 1/3 and thus the predicted 
7P total cross section is shown in fig. 2. The HERA data is surely going to 
improve rapidly and we are eager to see a much more accurate determination 
of the 7p cross section. 

Thus we have encountered the expanding proton unambigously in two 
different experimental situations. In both cases, pp and jp, the next major 
increase in energy will come from LHC In these cases the center of mass 
energy will reach 16 TeV for pp are more than 1 TeV for ^p using electrons 
from LEP. Moreover using extracted 7r + and ir~ beams from LHC, the irp 
cross sections could be measured up to about y/s = 120 GeV. This will 
provide a most stringent test of the accuracy of our relation (|TJ). 
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Figure Captions 

Fig.l Multi-tower diagrams for (a) pp and pp, (b) ir^p and (c) jp scattering. 

Fig. 2 7£> total cross section as a function of the center of mass energy. The 
data are from refs. [|], @ and |14| and the curve is from eq. ([[]). 
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This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/hep-ph/9409346vl 



This figure "fig2-l.png" is available in "png" format from: 
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